Cases of accidental ingestion of pharmaceutical products by children are increasing and have become a serious social concern. In this study, we investigated a new type of soft plastic, child resistant pill container, called ESOP (easy seal open package). We first conducted a container-opening experiment on children aged 12 to 36 months, and were able to identify a relative strength of the container and a point for improvement. Next, using the improved ESOP and an existing PTP (press through package), we performed an impression-evaluation experiment regarding the safety of the respective drug container, in the opinion of guardians with 24-to 36-month-old children. By investigating the guardians' satisfaction level and degree of ascribed importance, we determined their impression of the safety of the two containers, and conclude that it is necessary to improve the items of which the degree of ascribed importance was high and the satisfaction level low.
INTRODUCTION
In recent years, cases of accidental ingestion of pharmaceutical products by children are increasing and have become a serious social concern. From January to December, 2012, the Japan Poison Information Center collected data regarding the accidental ingestion of pharmaceutical products by children under 5 years of age. Over this period, the Consumer Safety Investigation Commission analyzed 764 cases of children accidentally swallowing pharmaceutical products, and found that 549, or 71.9% of the total, involved children of 1 to 2 years of age. Of the products ingested, 871 were individual pills and 442 were tablets, which accounted for 50.7% of the total cases. With regard to the individual pill containers, the structure of the containers of 558 pills was confirmed, and 133 (15.3%) of the 871 total pills ingested were stored in PTPs (press through packages), the most common type [1] .
In such circumstances, the development and standardization of child resistant (CR) pill containers, which are difficult for children but easy for others to open, are required in order to prevent children from accidentally swallowing pharmaceutical products [2] . Currently, new types of CR pill containers are under development by several pharmaceutical companies. Among them, a 'hard-push' type PTP uses a stronger sealing material, requiring greater force to open; a 'peel-off' type requires peeling off an aluminum seal; a 'peel & push' type requires both peeling off a seal and pushing out the pill, an unusually intricate combination for children; and a 'slide-pack' type requires that the holes of the PTP must be slid into alignment with those of a cardboard or plastic case. In addition to these, a soft plastic container called 'ESOP (Easy Seal Open Pack)' (Figure 1 ) has been designed to be very difficult for children to open. To remove a tablet from the ESOP, a flap must first be lifted, and the tablet squeezed upwards (as one would squeeze a pea from a pod), until it breaks a weak plastic seal, allowing the tablet to be removed [3] .
As noted, a variety of CR pill containers have been developed in Japan; however, no appropriate method or standards have been established to evaluate their child resistant features, making it difficult to determine the quality of these products.
Some studies have conducted pill container-opening experiments with children, based on the respective standards of the United States and Europe. However, the U.S. standards (16CFR1700) and European standards (EN14375) differ for non-resealable containers. For example, in such experiments, children are permitted to use their teeth whenever they desire, but some children do not recognize this. In such cases, after five minutes, according to the U.S. (but not European) standards, observers may suggest that such children try using their teeth. Thus, we must determine which elements of these respective standards should apply in Japan.
With respect to container opening with the teeth, the Safety Committee of the Federation of Pharmaceutical Manufacturers' Associations of Japan submitted a written opinion regarding the prevention of accidental ingestion of pharmaceutical products by children to the Ministry of Health, Labour and Welfare of Japan, in May 2015. The document notes many cases of children accidental ingesting pharmaceutical products by biting the container, and argues that merely changing the PTP sealing material would not prevent such incidents, and thus would be an inadequate safety measure. Thus, we must continue to experimentally investigate container opening with the teeth [4] .
Further, we must consider the time restrictions in such experiments. Accidental pharmaceutical ingestion by children may well take more than merely 5 or 10 minutes.
In light of the foregoing, in this study, we conducted a container-opening experiment with children, observing their behavior over time, using an ESOP under development by Morimoto Pharma Co., Ltd. The aim was to develop guidelines for the improvement of ESOP quality by examining the relationship between the experimental results and the actual actions taken by children. In addition, using a conventional PTP and an improved ESOP, we conducted an impression-evaluation experiment involving the children's guardians, regarding the safety of the respective pill containers, and investigated the evaluation method.
CONTAINER-OPENING EXPERIMENT

Purpose and method
The purpose of the experiment was to evaluate children's difficulty in opening an ESOP containing a placebo tablet with no medical ingredients. The experiment was conducted from November 22 to December 15, 2016, and involved 15 12-to 36-month-old children. Reproducing the ambience of a typical living room, we observed the children's behavior when handling the pill container, and whether they were able to open the container.
The container used in the experiment has been under development by Morimoto Pharma Co., Ltd., a collaborator with our laboratory in exploring child resistant pharmaceutical technology. As aforementioned, the ESOP container requires a sequence of two different actions in order to open and remove the tablet.
The experimental procedure was as follows.
(1) Explain to the guardian the purpose and procedure of the experiment, countermeasures against risk and misfortune, and measures in case of an emergency; and obtain his/her consent regarding the details.
(2) Hand an ESOP containing a tablet to the child, and invite him/her to try to open the container to remove the tablet. Do not explain how to open the ESOP at this time. Staff members observe his/her behavior while recording, with two video cameras, how he/she handles the container. The experiment should be continued until the child opens the container or gives up.
(3) The staff and guardian show the child how to open the ESOP. Open the container slowly in front of the child, and then encourage the child to open it themselves, while continuing to observe and record his/her behavior.
(4) Review the child's behavior in the recorded video, including whether he/she was able to open the container. Specifically, first determine the overall pattern of their actions. Next, determine which action the child took over each time period. Finally, determine the respective actions taken by the child in each of the three stages ('lifting the flap', 'breaking the weak seal', and 'removing the tablet'), and whether he/she was finally able to open the container. Table 1 summarizes the different actions taken by subjects, and Table 2 the respective actions for the three stages of tablet removal. The symbol "×" in Table 2 indicates that the subject was not able to perform the task, and "○" indicates that the subject was able to perform the task by taking the action written in the column.
Experimental results
Subjects 3 In addition, it was found that even those who were able to unfold the flap were unable to squeeze the tablet through the weak seal. Thus, it appeared that it was generally difficult for children to open the container in the way determined by the manufacturer. 
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However, Subjects 11, 13, and 15 picked, pulled, or poked with their fingers the roughly 3-mm soft plastic extension above the weak seal; and as a result, were able to break the seal and open the ESOP. Figure 3 shows Subject 11 opening the container in this manner.
Discussion and means of improvement
In the case of conventional PTP containers, some children have accidentally swallowed a tablet by biting the container. In this experiment, children could not open the ESOP in this manner, suggesting that ESOPs are difficult-to-open for those at the age when children tend to put things in their mouth. However, the subject number in the experiment was small, and thus further experimentation is necessary in order to verify this.
As noted, the samples in this experiment had a 3-mm extension above the weak seal, which could be pinched with the fingers; and in some cases, children of 24 months or older noticed this and opened the container by pulling at this extension (Figure 4) . Thus, eliminating this extension should significantly reduce the risk of an ESOP being opened by children up to 3 years old ( Figure 5 ).
IMPRESSION-EVALUATION EXPERIMENT USING AN IMPROVED ESOP
Purpose and method of the experiment
The purpose of this experiment was to evaluate guardian impressions regarding the safety of the improved ESOP (without extension) versus a conventional PTP (Figure 6 ). The subjects were 15 guardians of children aged 24 to 36 months, and the experiment was conducted after they had observed how their children handled an ESOP.
A method for applying customer satisfaction analysis in the evaluation of pill container safety
Customer satisfaction (CS) indicates, in general, the degree of satisfaction that people feel when they are purchasing a product. Based on the assumption that people purchase a product when they feel satisfied with the product, companies sometimes define evaluation items and evaluate customers' satisfaction level, using the results as material for determining product development policy.
The degree of importance ascribed to these evaluation items by customers can be determined based on the simple correlation coefficient between the value for each evaluation item and the overall evaluation. This degree of importance, then, reflects the relation between customers' satisfaction with individual items and their overall evaluation [5] [6] [7] .
In this study, we investigated guardian impressions of the safety of the respective pill containers, by evaluating their satisfaction level and degree of ascribed importance in each case.
Selection of evaluation items
We conducted an interview survey of three pharmacists, and one writer for the medical publication, NPO Kodomo-to-kusuri, and based on the results, determined the following seven evaluation items, which were considered to be important for children's safety: 1) Difficulty in removing the tablet from its container, 2) Difficulty in understanding how to remove the tablet from its container, 3) Difficulty in removing the tablet by biting the container, 4) Difficulty in distinguishing the pill container from a candy container, 5) Risk of being injured 
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Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 a Difficulty in removing the tablet from the container 2 5 7 3 5 5 2 2 7 7 2 2 7 2 2 b Difficulty in understanding how to remove the tablet from the container 2 5 7 2 3 4 2 5 6 7 2 2 4 1 1 c Difficulty in removing the tablet by biting the container 1 4 6 3 2 2 4 2 4 6 1 1 7 4 4 d Difficulty in distinguishing the pill container from a candy container 2 4 6 1 1 2 1 1 2 3 1 3 7 6 6 e Risk of being injured when handling the container 2 5 6 2 2 2 1 1 2 2 1 1 2 2 2 f Size of the container (for preventing a child from putting it in the mouth) 1 4 7 6 2 2 3 7 3 4 4 5 7 6 6 g Hardness of the container material (in case it is put in the child's mouth) 1 3 6 2 1 2 1 1 1 1 1 1 7 1 1 Overall evaluation 1 4 7 3 4 2 1 1 4 5 1 2 6 3 3
Evaluation items Subject 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 a' Difficulty in removing the tablet from the container 6 7 7 6 3 6 6 7 7 7 6 6 6 5 6 b' Difficulty in understanding how to remove the tablet from the container 6 7 7 6 2 6 7 7 7 7 6 7 7 6 7 c' Difficulty in removing the tablet by biting the container 5 6 7 6 2 6 6 7 4 7 5 7 7 5 2 d' Difficulty in distinguishing the pill container from a candy container 6 7 7 6 6 4 4 6 2 3 4 3 7 6 6 e' Risk of being injured when handling the container 5 7 7 6 6 5 7 7 6 7 3 4 7 7 7 f' Size of the container (for preventing a child from putting it in the mouth) 4 7 7 2 6 3 4 6 3 4 4 5 5 7 7 g' Hardness of the container material (in case it is put in the child's mouth) 4 7 7 7 5 5 7 6 2 6 2 4 7 7 7 Overall evaluation 6 7 7 6 4 5 6 6 4 6 5 6 6 5 6
Evaluation items when handling the container, 6) Size of the container (for preventing a child from putting it in the mouth), and 7) Hardness of the container material (in case it is put in the child's mouth).
Evaluation of individual items and the overall evaluation
Setting seven levels (scores) for the evaluation: 1, Very dissatisfied; 2, Dissatisfied; 3, Somewhat dissatisfied; 4, I don't know; 5, Somewhat satisfied; 6, Satisfied; 7, Very satisfied; we asked the subjects (guardians) about their impression for each evaluation item.
Next, we asked for their overall evaluation of the safety of the drug containers, based on the same seven levels. Table 3 and table 4 show the results.
Calculation of the satisfaction level and degree of ascribed importance
We gave scores (1 to 7) to the evaluation answers for each item, and divided these into three groups: 'Good (6, 7)', 'Normal (3, 4, 5)', and 'Bad (1, 2)'. Among these, the percentage of 'Good' answers, out of the total answers, was considered to represent guardian satisfaction. Next, we determined the degree of ascribed importance by calculating the simple correlation coefficient between the value for each evaluation item and the overall evaluation. Table 5 shows the results.
Finally, we created a customer satisfaction chart (CS chart), with the degree of ascribed importance on the horizontal axis and the satisfaction level (the percentage of 'Good' answers) on the vertical axis (Figure 7 ).
(1) In the evaluation of the PTP sample, though the subjects' degree of ascribed importance was generally high, their satisfaction level was low, meaning that the guardians considered that the PTP had serious need of improvement with regard to safety.
(2) For most items, the guardians' ESOP satisfaction level was higher than for the PTP, suggesting that they felt the ESOP was safer than the PTP.
(3) For the "difficulty in understanding how to remove the tablet from the container", the satisfaction level for the PTP was 0.20, and for the ESOP 0.97, indicating that the guardians considered it more difficult for children to understand how to open the ESOP.
(4) For the "difficulty in removing the tablet from the container", the satisfaction level for the PTP was 0.27, and for the ESOP 0.87, indicating that the guardians thought the ESOP was more difficult for children to open.
(5) For the "size of the container (for preventing a child from accidentally putting it in the mouth)", the degree of ascribed importance was low for both the PTP and ESOP, indicating that the guardians considered other items more important.
(6) Given that, for the degree of ascribed importance in particular, the results may vary with the number of subjects, further experimentation, with increased numbers, is required in this respect.
SUMMARY
In this study, we investigated a new type of soft plastic, child resistant pill container, called ESOP. We first conducted a container-opening experiment on children aged 12 to 36 months, and were able to identify a relative strength of the container and a point for improvement. In the experiment, children were unable to open the ESOP container with their teeth. Thus, it would appear that the ESOP would be difficult to open for those at the age when children tend to put things in their mouth.
After the making the improvement that we identified, the ESOP used in the experiment was more effective in preventing children from opening it. Next, using the improved ESOP and an existing PTP, we performed an impression-evaluation experiment regarding the safety of the respective drug container, in the opinion of guardians with 24-to 36-month-old children. By investigating the guardians' satisfaction level and degree of ascribed importance, we determined their impression of the safety of the two containers, and conclude that it is necessary to improve the items of which the degree of ascribed importance was high and the satisfaction level low.
In future, we will conduct further evaluation experiments, with increased subject numbers, and improve the evaluation method. 
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